A decrease in the ability of the kidneys to concentrate the urine is characteristic of many varieties of experimental and clinical hypercalcemia, hypercalciuria and nephrocalcinosis (1). Vitamin D intoxication in rats (2) and large doses of parathyroid extract in dogs (3, 4), in addition to producing hyposthenuria, have been shown to cause morphological changes which are most marked in the epithelial cells lining the collecting ducts but are also present in the distal convoluted tubules and the loops of Henle. Such lesions might impair renal concentrating capacity by interfering with the accumulation and concentration of sodium in the interstitial fluids of the medulla and papilla, or by impairing the back-diffusion of water from the lumen of the collecting duct into a hypertonic interstitium (5).
A decrease in the ability of the kidneys to concentrate the urine is characteristic of many varieties of experimental and clinical hypercalcemia, hypercalciuria and nephrocalcinosis (1) . Vitamin D intoxication in rats (2) and large doses of parathyroid extract in dogs (3, 4) , in addition to producing hyposthenuria, have been shown to cause morphological changes which are most marked in the epithelial cells lining the collecting ducts but are also present in the distal convoluted tubules and the loops of Henle. Such lesions might impair renal concentrating capacity by interfering with the accumulation and concentration of sodium in the interstitial fluids of the medulla and papilla, or by impairing the back-diffusion of water from the lumen of the collecting duct into a hypertonic interstitium (5) .
In the present studies the composition of renal cortex, medulla and papilla was compared with that of plasma and urine in hydropenic rats in which hypercalcemia had been induced by large doses of vitamin D. The results indicate that the hyposthenuria observed in such animals results at least in part from a diminished concentration of sodium in renal medulla and papilla.
MATERIALS AND METHODS
White male Sprague-Dawley rats weighing 150 to 200 g were fed a synthetic diet containing liberal amounts of sodium and potassium (6) . Forty-five animals di-* Aided by grants from the American Heart Association, the National Heart Institute, the Lawrence M. Gelb Foundation, and a contract (6) .
RESULTS
Rats given calciferol appeared lethargic and weak. Polyuria was apparent and the level of urea nitrogen in plasma was mildly elevated (Table I) . At the time of sacrifice, serum calcium had risen to an average of 15.7 mg per 100 ml.
As previously reported (2) , maximum urinary osmolality was greatly diminished in rats injected with vitamin D (control = 3,036 mOsm per kg; vitamin D = 1,724 mOsm per kg). This could not be ascribed to a solute diuresis, since the total solute output of the hypercalcemic animals did not differ significantly from that of controls. Despite the fact that vitamin D-intoxicated rats were kept on a sodium-free diet as long or longer than were the controls, their losses of sodium in the urine were significantly greater than in the normal group.
The sodium content of papilla and medulla of hypercalcemic rats was lower than that of normal animals (Table II) that the calculated concentration of osmotically active solutes 1 in water of papillary and medullary tissue was significantly diminished in rats treated with vitamin D (Figure 1) . The water content of medullary and papillary tissue was slightly increased in rats given vitamin D; this may have been a reflection of their polyuria.
The decrease in urinary osmolality induced by vitamin D was considerably greater, percentagewise, than was the fall in the concentration of sodium or of "total solutes" in the water of the renal papilla. The ratio of urinary osmolality to the papillary concentration of sodium and of "total solutes" was therefore significantly decreased in hypercalcemic animals ( Figure 2 ).
DISCUSSION
These experiments confirm findings of marked impairment of renal concentrating ability produced by hypercalcemia of several days' duration resulting from vitamin D intoxication. This change in renal function is associated with structural changes which are most prominent in the collecting ducts of the medulla but also involve 1 "Solute concentration" of renal tissue was calculated as 2 X (Na + K + NH4) + urea, where Na, K, NH, and urea are expressed as millimoles per kilogram of tissue water. It must be appreciated that this is only a rough approximation of the actual osmotic activity of tissue water. the distal tubules and loops of Henle (2) . The present data indicate that one reason for the decrease in maximal urinary concentration observed under these circumstances is a diminished ability of the kidneys to create and maintain a high concentration of sodium in the interstitial fluids of the medulla and papilla. Thus, the concentration of sodium in medullary and papillary tissue of hypercalcemic rats was significantly below that of normal controls, even though the concentration of sodium in the urine was greater than that of normals. The tendency of vitamin D-treated rats to lose sodium in the urine on a sodium-free diet further suggests that active reabsorption of sodium by some portion of the nephron was impaired by hypercalcemia and nephrocalcinosis.
It is of interest that the fall in maximal urinary osmolality produced by hypercalcemia was considerably greater than the decrease in sodium content or total solute concentration of the renal papilla or medulla. It 
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.9:t_ mal hydropenic rats is considerably below urinary osmolality; this discrepancy is sharply diminished, however, as the terminal segment of the papilla is aproached (6) . The final upturn in the concentration of sodium and total solutes at the papillary tip might be greatly reduced in aephrocalcinotic animals, without being detected in the present experiments. If that were the case, the fall in tissue sodium at the very tip of the renal papilla in rats treated with vitamin D might parallel their drop in maximal urinary osmolality, although analysis of the entire papilla would make it appear that the ratio of papillary sodium/urinary osmolality had increased. An additional explanation for the changes illustrated in Figure 2 is that the back-diffusion of water from collecting ducts into the medullary and papillary interstitium may have been impaired in nephrocalcinotic rats, so that urinary osmolality fell more than did the concentration of sodium and other solutes in the water of the papilla. In this connection, it is of interest that the permeability to water of many cell membranes is diminished when calcium is added to their surrounding medium (7). The transfer of water out of the toad bladder in response to vasopressin is depressed when the concentration of calcium in fluid bathing the serosa is increased (8) .
These results are similar to those obtained in potassium-deficient rats and dogs (6) . In potassium depletion, ancillary evidence suggests that active reabsorption of sodium by the loops of Henle is unimpaired, and that the decreased concentration of sodium in the renal medulla and papilla results from interference with the reabsorption of sodium by the collecting ducts. Evidence bearing on this point in nephrocalcinotic animals might be obtained by studies of urinary dilution and by micropuncture of the distal tubule in rats intoxicated with vitamin D.
Acute decreases in glomerular filtration rate exceeding 30 per cent have been reported, by Levinsky, Davidson and Berliner (9) , to reduce the sodium content of the renal medulla and papilla. Although it is not clear whether chronic depression of glomerular filtration results in similar changes, it is possible that alterations in glomerular filtration played some part in the reduction in sodium content of renal tissue noted in the present experiments.
Gill and Bartter (10) have reported that some human subjects with hypercalcemia, in whom a renal concentrating defect has been demonstrated, may reduce their urinary losses of sodium to the point of equilibrium between intake and output on a diet containing 9 mEq of sodium daily. This does not rule out the likelihood, suggested by the present studies, that sodium reabsorption in such patients is defective in some crucial segment of the nephron and that hyposthenuria is contributed to by a decreased concentration of sodium in the interstitial fluids of medulla and papilla. SUMMARY 1. The mechanism of hyposthenuria in hypercalcemia was investigated by analyzing renal tissue from rats intoxicated with vitamin D.
2. Vitamin D intoxication produced a significant fall in the content of sodium and urea of the renal papilla and medulla. The percentile decrease in the concentration of sodium and of total solutes in water of the renal papilla was not so great as the fall in maximum urinary osmolality. Renal conservation of sodium was impaired.
3. It is concluded that the impairment of renal concentrating ability observed in hypercalcemic rats results at least in part from impaired reabsorption of sodium by the renal tubules and a diminished ability to create and maintain a high concentration of sodium in the interstitial fluids of the medulla and papilla. The possibility that the permeability of the collecting ducts to the back-diffusion of water is reduced by vitamin D intoxication is discussed.
